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TITLE 

Use of FVIIa or FVIlai for the treatment of adverse conditions related to the FVIIa mediated 
intracellular signalling pathway 

5 FIELD OF INVENTION 

A novel intracellular signalling activity of coagulation factor VII (FVIi) in cells expressing tis- 
sue factor (TF) has been descibed. The present invention relates to use of FVIIa or another 
TF agonist, or FVIlai or another TF antagonist for the preparation of a medicament for mo- 
10 dulation of FVila-induced activation of the MAPK signalling pathway in a patient. Moreover the 
present invention relates to a method of treatment, and a method of detecting the activity of 
compounds, in particular drug candidates, that interact with the FVIIa mediated intracellular 
signalling pathway. 

15 BACKGROUND OF THE INVENTION 

The extrinsic pathway of blood coagulation is initiated when FVIIa circulating in plasma binds 
to the integral-membrane protein, tissue factor (TF). The role of TF in blood coagulation has 
been extensively studied (Camerer, E., A. B. et al. Thromb. Res . 81: 1-41, (1996)). The in- 

20 volvement of FVIIa as a proteolytic enzyme in the blood coagulation cascade is believed to 
be confined to the extracellular leaflet of TF expressing cells. An intracellular activity of FVIIa 
was first implied when the sequence of TF showed homology to the cytokine/ interferon- or 
heamatopoietic receptor superfamily (Bassoon, J. F. Proc. Natl. Acad. Sci. USA 87: 6934- 
6938, (1990)). The subclass I of the heamotopoietic receptor family includes receptors for 

25 growth hormone, prolactin, interleukins 1 to 7, granulocyte- macrophage colony stimulating 
factors, erythropoitin and thrombopoitin. Subclass II includes TF and receptors for interferon a 
and (3 (Wells, J.A., and De Vos, A.M. Annu. Rev. Biomol. Struct . 22: 329-351, (1993)). 
The resemblance of TF to this class of receptors was further substantiated with the appear- 
ance of the crystal structure (Harlos, K., D. M. A. et al. Nature 370: 662-666, (1994), Mueller, 

30 Y. A., M. H. et al. Biochemistry 33: 10864-10870 (1994) ). Characteristic of this class of cy- 
tokine receptors that includes receptors for interferon p and y and IL-10 (Mott, H. R. and 
Campbell, I. D. Curr. Opin. Struct. Biol . 5: 114-121, (1995)) is that their activation lead to 
rapid tyrosine phosphorylation of the receptors themselves, as well as a subset of intracellu- 
lar proteins. Within minutes after the initial tyrosine phosphorylation an array of mitogen- 
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activated (Ser/Thr) kinases (MAPK) is activated (Whitmarsh, A. J. and Davis, R. J. J. Mol. 
Med. 74:589-607, (1996)). These kinases are arranged in several parallel signalling path- 
ways (David, M. et aL Science 269, 1721 (1996); Current opin. immunol. 8, 402-11 (1996)). 
Thorough studies of the putative intracellular signalling capacity of FVIIa have shown that it 
5 induce mobilisation of intracellular free calcium (Ca 2+ ) in the human bladder carcinoma cell 
line, J82, which constitutively express TF and in umbelical vein endothelial cells which were 
pre-treated with interleukin-1 to express TF (Rottingen, J.-A. et aL J. Biol. Chem . 270: 4650- 
4660, (1995)), but have failed to show any cytokine-like activation of intracellular tyrosine 
kinases (Camerer, E. f et al. J. Biol. Chem . 271: 29034-29042, (1996)). In conclusion FVIIa is 
10 believed, in a TF dependent manner, to induce mobilisation of intracellular Ca 2+ through acti- 
vation of phospholipase C (Camerer, E., et al. J. Biol. Chem . 271: 29034-29042, (1996)). 
The mechanism by which FVIIa activates phospholipase c is not known, but Camerer et al. 
specifically ruled out tyrosine kinase activation. 

15 SUMMARY OF THE INVENTION 

The present invention relates to usage of FVII and/or FVIIa and/or another TF agonist and/or 
FVIlai and/or another TF antagonist in therapeutic treatment of pathological conditions that 
can be related to or treated by specific activation or inhibition of the FVIIa mediated intracel- 
20 lular signalling pathway. 

In accordance with the present invention it has been shown that binding of FVIIa to its re- 
ceptor TF induces activation of the mitogen-activated protein kinase (MAP kinase) pathway 
including phosphorylation of tyrosines in MAPK/Erk1 . TF is known to play a pertinent role in 
25 the pathogenesis of a number of diseased states where regulatory interference at the intra- 
cellular level is believed to be beneficial. 

Thus, diseased states which may be treated are pathological conditions such as mechanical 
injury of blood vessels, atherosclerosis, ischemia/reperfusion, bacterial infection, tumour 
30 deposition, or stimuli induced by "stress factors" such as cytokines, smoking, high blood 

pressure, high lipids- or glucose levels, advanced glycosylation end-products, and bacterial 
lipopolysaccarides. 
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LIST OF FIGURES 

Figure 1' shows the effect of zinc ions on TF-stimulated factor Vila activity is shown in the 
absence (control) and presence of 0.2 mM cystin dihydroxamate. Factor Vila activity was 
5 measured with the chromogenic substrate S2288 (H-D-lle-Pro-Arg-p-nitroanilide). The acti- 
vity of 10 nM FVIIa in the presence of 50 nM TF 1 . 218 (Dr W. Kisiel, University of New Mexico, 
Albuquerque, NM) was measured in buffer containing 50 mM TrisCI pH 7.4 0.1 M NaCI, 1 
mM CaCI 2l 0.05 % Tween 20 and 0.4 mM S2288. The activity was measured at room tempe- 
rature as the change in absorbance at 405 nm. 
10 Figures 2A and 2B show the activation of SRE reporter gene expression induced by FVIIa 
upon binding to human TF. 

Figure 3 shows the stimulation of BHK-TF/KZ136 cells stimulated with FVIIa with and without 
prior treatment with the MEK1/2 inhibitor PD98059. PB98059 was maintained at 50 ^M 
throughout the experiment. 
15 Figures 4A and 4B show the specific activation of the Elk1 transcriptional factor: 

4A) Superimposition of the transmitted light image and the fluorescence image showing the 
transfection efficiency, 

4B) LCPS obtained from BHK-TF cells transiently transfected with the two hybrid system 
with Gal4-Elk1 and ga!4-luciferase. 
20 Figures 5A and 5B show the activation of MAPK p44/42: BHK TF 103 #11-2 cell line; Lane 3- 
8: Stimulation with 100 nM FVIIa for the time period indicated. 

Figures 6A and 6B show the activation of MAPK p44/42: ECV-304 cell line (ATCC CRL- 
1998); IL-1B stimulated (Lane 2-5) and unstimulated (lane 7-9) cells exposed to 20 nM FVIIa 
for the time period indicated. 
25 Figures 7A and 7B show the activation of MAPK p44/42: MDCK cell line (ATCC CCL-34) ex- 
posed to 10 nM FVIIa (Lane 1-5) and 10 nM FVIlai (Lane 6) for the time period indicated. 
Figure 8 illustrates the competition experiment between FVIIa and FVIlai in BHK-TF/KZ136 
cells. 

Figures 9A and 9B show the transient activation of MAPK p44/42. 
30 Figure 10 shows FVIIa-induced signalling via the MAPK pathway using truncated TF (TF 
lacking the C-terminal end). 



BNSDOCID: <WO 9903498A 1_l _> 



WO 99/03498 * . \ PCT/DK98/00280 

4 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to the use of FVII or FVIIa or another TF agonist for the manu- 
facture of a pharmaceutical composition for inducing or enhancing activation of the MAPK sig- 
5 nailing pathway in a patient, in particular wherein phosphorylation of MAPK/Erk1/2 leads to ac- 
tivation of transcription factor Elk1 . 

The present invention also relates to the use of FVII, FVIIa or another TF agonist for the ma- 
nufacture of a pharmaceutical composition for enhancing FVIIa-induced activation of the MAPK 
10 signalling pathway in a patient. 

In a further aspect the present invention relates to the use of FVII, FVIIa or another TF agonist 
for the manufacture of a pharmaceutical composition for inducing or enhancing activation of 
transcription factor Elk1 

15 

In a still further aspect the present invention relates to the use of FVIlai or another TF antago- 
nist for the manufacture of a pharmaceutical composition for inhibiting or preventing activation 
of the MAPK signalling pathway in a patient. 

20 In a further aspect the present invention relates to the use of FVIlai or another TF antagonist 
for the manufacture of a pharmaceutical composition for inhibiting or preventing activation of 
transcription factor Elk1 in a patient. 

In a still further aspect the present invention relates to the use of FVIlai or another TF antago- 
25 nist for the manufacture of a pharmaceutical composition for inhibition or prevention of FVIIa- 
induced activation of the MAPK signalling pathway in a patient. 

In an embodiment of the present invention it relates to the use of FVIIa or another TF agonist 
for the manufacture of a pharmaceutical composition for the treatment of re-endothelization, 
30 co-lateral revascularization in ischemia/reperfusion in myocardial infarction diabetic microangi- 
opathy. 
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In another embodiment of the present invention it relates to the use of FVIlai or another TF 
antagonist for the manufacture of a pharmaceutical composition for the treatment of restenosis, 
cancer. 

5 In a further aspect the present invention concerns a method for inducing or enhancing acti- 
vation of the MAPK signalling pathway in a patient, which comprises administering an effective 
amount of FVII or FVIIa or another TF agonist to said patient. In one embodiment the activation 
leads to phosphorylation of MAPK/Erk1/2, which leads to activation of transcription factor Elk1. 

10 In a still further aspect the present invention concerns a method for enhancing FVIIa-induced 
activation of the MAPK signalling pathway in a patient, which comprises administering an ef- 
fective amount of FVII, FVIIa or another TF agonist to said patient. 

In a further aspect the present invention concerns a method for inducing or enhancing acti- 
vation of transcription factor Elk1 in a patient, which comprises administering an effective 
15 amount of FVII or FVIIa or another TF agonist to said patient. 

In a still further aspect the present invention concerns a method for inhibiting or preventing 
activation of the MAPK signalling pathway in a patient, which comprises administering an ef- 
fective amount of FVIlai or another TF antagonist to said patient. 

20 

In a further aspect the present invention concerns a method for inhibiting or preventing acti- 
vation of transcription factor Elk1 in a patient, which comprises administering an effective 
amount of FVIlai or another TF antagonist to said patient. 

25 In a still further aspect the present invention concerns a method for inhibiting or preventing 
FVIIa-induced activation of the MAPK signalling pathway in a patient, which comprises admini- 
stering an effective amount of FVIlai or another TF antagonist to said patient. 

In a particular embodiment the effective amount is a daily dosage from about 5 jig/kg/day to 
30 about 500 jig/kg/day. 

In a further embodiment the TF antagonist comprises a zinc-chelator which binds to FVIIa. 
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The present invention provides a mechanism for an intracellular activity of FVII and/or FVIIa 
that relates to stimulation of the MAPK signalling pathway. Such a mechanism provides the 
basis for establishing the involvement of FVII and/or FVIIa in pathological conditions in which 
TF expressing cells like endothelial cells, epithelial cells, fibroblasts, smooth muscle cells 
5 and monocytes/macrophages participate. The invention furthermore provides the basis for 
identifying specific pharmacological targets within the FVIIa mediated intracellular signalling 
pathway that are useful for therapeutic intervention. 

Thus, the present invention relates to usage of FVII and/or FVIIa and/or FVIlai in therapeutic 
10 treatment of pathological conditions that can be related to or treated by specific activation or 
inhibition of the FVIIa mediated intracellular signalling pathway. 

In accordance with the present invention it has been shown that binding of FVIIa to its re- 
ceptor TF induces activation of the mitogen-activated protein kinase (MAP kinase) pathway 
15 including phosphorylation of tyrosines in MAPK/Erk1/2 leading to activation of transcription 
factor TFC/Elk1 . TF is known to play a pertinent role in the pathogenesis of a number of dis- 
eased states where regulatory interference at the intracellular level is believed to be benefi- 
cial. 

20 Modulation of FVI la-induced signalling may be particularly useful at vascular sites where in- 
jury in its broadest sense leads to endothelial dysfunction. Such damage might include me- 
chanical injury, atherosclerosis, ischemia/reperfusion, bacterial infection, tumour deposition, 
or stimuli induced by "stress factors" such as cytokines, smoking, high blood pressure, high 
lipids- or glucose levels, advanced glycosylation end-products, bacterial lipopolysaccarides 

25 e.t.c. All leading to vascular complications and endothelial dysfunction characterised at the 
cellular level by a complicated interplay between inflammatory cells, vascular cells and com- 
ponents of the coagulation system, the complement system and the fibrinolytic system. Leu- 
kocyte recruitment to such sites of dysfunctional endothelium is an important component of 
the host response to extravascular injury. At the location, release and surface expression of 

30 a number of leukocyte products serve to co-ordinate the inflammatory response. The local 
expression of TF on various cells, including monocytes, macrophages, fibroblasts, smooth 
muscle cells, endothelial cells and tumour cells is known to contribute significantly to the de- 
velopment of this response, and TF has been implicated as an important regulatory receptor 
in the development of various diseased states. 
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In another aspect, the present invention relates to a method of detecting drug candidates 
that modulate the FVIla mediated intracellular signalling pathway, which method comprise 

a) culturing a TF expressing cell that contain a DNA sequence coding for a reporter gene 
5 who's expression is regulated by a SRE promoter element 

b) measuring the expression of the reporter gene 

c) incubating the cell with a drug candidate, and 

d) measuring the expression of the reporter gene produced by the incubated cell and deter- 
mining any change in the level of expression compared to the expression measured in 

10 step b, such change being indicative of biologically active drug candidate in said cell, or 
the method comprise 

e) culturing a TF expressing cell 

f) measuring the level of protein phosphorylation of specific proteins in the FVIla mediated 

intracellular signalling pathway 
15 g) incubating the cell with a drug candidate, and 

h) measuring the level of protein phosphorylation of the specific protein produced by the in- 
cubated cell and determining any change in the level of protein phosphorylation compared 
to the level measured in step f, such change being indicative of a biologically active drug 
candidate in said cell, or the method comprise 
20 i) culturing a TF expressing cell 

j) measuring the spatial localisation of a specific component of the FVIla mediated intracel- 
lular signalling pathway that upon activation of the FVIla mediated intracellular signalling 
pathway change intracellular localisation 
k) incubating the cell with a drug candidate, and 
25 I) monitoring the localisation of the same component and detect any change in localisation 
compared to the location measured in step j, such change being indicative of a biologically 
active drug candidate in said cell. 

Generally, the blood components which participate in what has been referred to as the 
30 coagulation "cascade" are proenzymes or zymogens, enzymatically inactive proteins, which 
are converted to proteolytic enzymes by the action of an activator, itself an activated clotting 
factor. Coagulation factors that have undergone such a conversion and generally referred to 
as "active factors", and are designated by the addition of the letter "a" to the name of the 
coagulation factor (e.g. factor Vila). 
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The term "zinc-chelator" is intended to comprise a compound that binds to factor Vila and 
induces replacement of calcium ions with zinc ions within factor Vila, thereby inhibiting the 
activity of factor Vila or tissue factor-factor Vila complex (TF-FVIIa). 



5 



A suitable TF antagonist according to the invention may be a zinc-chelating compound, e.g. 
a dihydroxamate or a dihydrazide with the hydroxamate or hydrazide groups located relative 
to each other in such a position that they are able to chelate a zinc ion. The zinc-chelating 
compound acts in combination with FVIla. Zn 2+ -ions exert their inhibitory action in 

10 competition with a stimulatory effect of Ca 2+ -ions. It is predicted that Zn 2+ -ions displace Cat- 
ions from one or more calcium binding site(s) within FVIla. Zinc-chelating compounds, e.g. 
hydroxamates and hydrazides, are capable of acting as powerful! supporters for binding of 
zinc ions in competition with calcium ions. Specific compounds thereby potentiate zinc 
inhibition of the activity of the factor Vila/tissue factor complex. The activity of factor Vila in 

15 complex with tissue factor can be inhibited by a mechanism in which a zinc chelator binds to 
factor Vila and facilitates replacement of Ca 2+ with Zn 2+ . By this action the chelator exerts a 
modulatory effect on TF at the normal concentration of free Ca 2+ and Zn 2+ ions in the blood. 

Demonstration that a suitable chelator potentiates zinc inhibition of factor Vila/tissue factor 
20 activity. 

Figure 1 shows that the effect of zinc ions to abolish FVIIa-TF complex formation is profoundly 
potentiated by the zinc chelator, cystindihydroxamate. 

In one embodiment, the zinc-chelator is a compound of the general formula la 



25 




(la) 



wherein 



M 1 is heteroaryl, a group of the formula 



z 3 o 
I II 

— N — C 1 — 



or a group of the formula 
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N-OH O 



Z 5 




M 2 is heteroaryi, or a group of the formula 




Z 6 -! Cf 



5 Z\ Z 2 , Z 3 and Z 4 independently of each other are hydrogen, C 1 . 4 alkyl l hydroxy, amino or a 
valence bond attached to A, 

Z 5 and Z 6 represent a >C=0, which is attached to A, 

Y 1 and Y 2 independently of each other are a group of the formula -X 1 ~X 2 ~X 3 -, wherein ~ in- 
dependently of each other means a single or double bond, and X 1 represents >C=O t >CHR 5 , 
10 >CH 2 , >CH- or a valence bond, wherein R 5 is hydrogen, C^alkyl, amino, C^alkyl-amino, or 
difC^alkyOamino, X 2 represents -NH-, >N-, >CH 2 or >CH-, and X 3 represents -S-, >CH 2 , 
>CH- or a valence bond, 
A is aryl or heteroaryi, 

p, a and s independently of each other are 0 or 1 ; 
15 or a pharmaceutical^ acceptable salt thereof; 
with the provisos that a+p+s is at least 1 . 

In one embodiment of the above compound of general formula la, M 1 and M 2 are indepen- 
dently of each other pyridinyl, such as pyridin-2-yl. In a preferred embodiment only one of M 1 
20 and M 2 are pyridinyl, such as pyridin-2-yl. 

In a second embodiment of the above compound of general formula la, M 1 is a group of the 



formula 



z 3 o 



Z'-N — C 



, wherein Z 1 and Z 3 independently of each other are as defined above, 



25 



or a group of the formula 
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N-OH O 



Z 5 




, wherein Z 5 is a >C=0 attached to A. 



In a third embodiment of the above compound of general formula la, M 2 



is a group of the 



formula 



5 




, wherein Z 2 and Z 4 independently of each other are as defined above, 



or a group of the formula 
N-OH O 




, wherein Z 6 is a >C=0 attached to A. 



In a further embodiment of the above compound of general formula la, the distance between 
10 C, and C 2 is from about 0.37nm to about 0.47nm. 

In a still further embodiment of the above compound of general formula la, the distance bet- 
ween C, and C 2 is from about 0.47nm to about 0.57nm. 

15 In a further embodiment of the above compound of general formula la, the distance between 
and C 2 is from about 0.57nm to about 0.67nm. 

In a still further embodiment of the above compound of general formula la, the distance bet- 
ween C t and C 2 is from about 0.67nm to about 0.77nm. 

20 

In a further embodiment of the above compound of general formula la, the distance between 
C, and C 2 is from about 0.37nm to about 0.77nm, preferably from about 0.40nm to about 
0.70nm, more preferred from about 0.40nm to about 0.65nm. 

25 In a still further embodiment of the above compound of general formula la, Z\ Z 2 , Z 3 and Z 4 
are independently of each other hydrogen, methyl, hydroxy, amino or a valence bond atta- 
ched to A. Preferably Z\ Z 2 , Z 3 and Z 4 are independently of each other hydrogen, hydroxy, 
amino or a valence bond attached to A. 
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In a further embodiment of the above compound of general formula la, Y 1 and Y 2 are inde- 
pendently of each other a group of the formula OO-X'-X 3 -, wherein - independently of each 
other means a single or double bond, and X 1 represents >C=0, >CHR 5 ( >CH 2 , >CH- or a 
5 valence bond, wherein R 5 is hydrogen, methyl, amino, methylamino, or di-methylamino, X 2 
represents -NH-, >N-, >CH 2 or >CH-, and X 3 represents -S-, >CH 2l >CH- or a valence 
bond. Preferably X 1 is >C=0, >CHR 5 or a valence bond, wherein R 5 is amino, X 2 is -NH- or 
>CH 2 and X 3 is -S- or a valence bond. 

10 In a still further embodiment of the above compound of general formula la, A is phenyl, 
1,2,3-triazolyl, 1,2,4-triazolyl, or pyrazolyl. 

In a particular embodiment of the above compound of general formula la, the compound is 
selected from: 

1 5 1 -hydroxy-7-hydroxycarbamoylquinoxaline-2,3(1 H,4H)-dione, having the formula III 




(III) 



5-(2-pyridyl)-1,2,4-triazole-3-carbohydrazide, having the formula IV 



20 




(IV) 
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1,2,3-triazole-4,5-dicarbohydrazide, having the formula V 



PCT7PK98/00280 



o 




NH 2 

(V) 

5 

Pyrazole-3,5-dicarbohydroxamic acid, having the formula VI 



O 




O 



(VI) 



4,7-Dihydro-[4,7]phenanthroline-1 ,2,3,8,9, 10-hexaone-2,9-dioxime, having the formula VII 



NH-v >HN 




HO-N O O N-OH 



(VII) 

L-Cystine dihydroxamate, having the formula VIII 
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OH 



Chiral 



HO 



OH 



H 2 N 



(VIII) 



5 Definitions 

The term "FVII" means "single chain" coagulation factor VII 

The term "Factor Vila", or "FVIIa" means "two chain" activated coagulation factor VII cleaved 
by specific cleavage at the Arg152-lle153 peptide bond. FVIIa, may be purified from blood or 
10 produced by recombinant means. It is evident that the practice of the methods described he- 
rein is independent of how the purified factor Vila is derived and, therefore, the present inventi- 
on is contemplated to cover use of any factor Vila preparation suitable for use herein. Prefer- 
red are human FVIIa. 

15 The term "FVIlai" is intended to mean FVIIa having at least one modification in its catalytic 
center, which modification substantially inhibits the ability of modified FVIIa to activate FX 
and FIX. Such modification includes amino acid substitution of one or more of the catalytic 
triad residues Ser344, Asp142 and His193 ? and also includes modification of catalytic triad 
residues with serine protease inhibitors such as organophosphor compounds, sulfanylfluori- 

20 de, peptide halomethyl ketone or azapeptide. FFR ck FVIIa is one example of a FVIlai deri- 
vative obtained by blocking of the active center of FVIIa with the irreversible inhibitor, D- 
phenylalanine-L-phenylalanine-L-argininine chloromethyl ketone. 

The term "protein kinase" is intended to indicate an enzyme that is capable of 
25 phosphorylating serine and/or threonine and/or tyrosine in peptides and/or proteins. 

The term "MAPK signalling pathway" is intended to mean a cascade of intracellular events 
that mediate activation of Mitogen-Activated-Protein-Kinase (MAPK) and homologues 
thereof in response to various extracellular stimuli. Three distinct groups of MAP kinases ha- 
30 ye been identified in mammalian cells: 1) extracellular-regulated kinase (Erk), 2) c-Jun N- 
terminal kinase (JNK) and 3) p 38 kinase. The Erk MAP kinase pathway involves phospho- 
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rylation of Erk 1 (p 44) and/or Erk 2 (p 42). Activated Erk MAP kinases translocate to the nu- 
cleus where they phosphorylate and activate transcription factors including (Elk 1) and signal 
transducers and activators of transcription (Stat). 

5 The term "FVIIa-induced activation of the MAPK signalling pathway" is intended to indicate that 
FVIIa binds to TF in a mammalian cell and thereby induce activation of transcription factors 
Elk1 and Stat elements in a mammalian cell via phosphorylation of MAPK/Erk1/2. 

The term "FVIIa mediated intracellular signalling pathway" is intended to indicate a cascade 
10 of intracellular events that involve activation of Erk1/2 MAPK. 

The term "drug candidate" is intended to indicate any sample which has a biological function 
or exerts a biological effect in a cellular system. The sample may be a sample of a biological 
material such as a microbial or plant extract, or it may be a sample containing a compound 
15 or mixture of compounds prepared by organic synthesis or genetic techniques. 

The term TF agonist" comprises compounds inducing 

a) signal transduction by direct binding to TF (e.g. FVIIa), 

b) stimulation of MAPK cascade, 

20 c) abrogation of MAPK inhibition (e.g. PTPase inhibitors), 
which agonists are drug candidates as defined above. 

The term TF antagonist" comprises 

a) reagents which compete with FVIIa for binding to TF without transmission, e.g. FVIlai, 
25 b) reagents which bind to FVIIa and prevent binding to TF, e.g. Zn hydroxamate, 

c) reagents which inhibit signal transduction by interfering with members of the MAPK ca- 
scade, 

which antagonists are drug candidates as defined above. 

30 The term "pharmacological targets" is intended to indicate a protein that can alter the activity 
of the FVIIa mediated intracellular signalling pathway. 

The term "reporter gene" is intended to indicate a DNA construct that, when transcribed, 
produces a protein that can be detected. 
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The term "transcription factor TFC/E!k1" or "transcription factor Elk1" is intended to comprise 
E!k1 (also known as p62 ternary complex factor, TFC) is an Ets-related transcription factor 
that mediates growth factor stimulation of the c-fos promoter. Elk1 binds to DNA in part via 
5 interaction with Serum Response Factor. Elk1 is a bona fide Erk substrate. SAPKs phospho- 
rylation of Elk1 may mediate transcriptional activation of the fos promoter in response to a 
variety of stresses. 

The term "SRE promoter element" means a DNA sequence that binds transcription factors 
10 induced by components present in serum. 

The term "TF expressing cell" mean any mammalian cell, that expresses TF. 

The term "protein phosphorylation" is intended to indicate phosphorylation of serine and/or 
15 threonine and/or tyrosine in peptides and/or proteins. 

Modulation of FVIIa-induced activation of the MAPK signalling pathway in a patient is 
defined as the capacity of FVIIa or another TF agonist, or FVIlai or another TF antagonist to 
1) either increase or decrease ongoing, normal or abnormal, signal transduction, 2) initiate 
20 normal signal transduction, and 3) initiate abnormal signal transduction. 

In this context, the term "treatment" is meant to include both prevention of an adverse conditi- 
on, such as restenosis, and regulation of an already occurring condition, such as bacterial in- 
fection, with the purpose of inhibiting or minimising the condition. Prophylactic administration of 
25 FVIIa or another TF agonist, or FVIlai or another TF antagonist is thus included in the term 
"treatment". 

In this context, the term "one unit" is defined as the amount of factor VII present in 1 ml of nor- 
mal plasma, corresponding to about 0.5 fig protein. After activation 50 units correspond to 
30 about 1 jag protein. 

In this context, the term "patient" is defined as any animal, in particular mammals, such as hu- 
mans, suffering from a condition which may be treated by inhibition or activation of the MAPK 
signalling pathway. 
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Abbreviations 

TF tissue factor 

FVII factor VII in its single-chain, unactivated form 
FVIIa factor VII in its activated form 
rFVIIa recombinant factor VII in its activated form 
FVIlai modified factor VII 



Pharmaceutical administration 

10 The regimen for any patient to be treated with FVIIa or another TF agonist or FVIlai or another 
TF antagonist as mentioned herein should be determined by those skilled in the art. The daily 
dose to be administered in therapy can be determined by a physician and will depend on the 
particular compound employed, on the route of administration and on the weight and the con- 
dition of the patient. An effective amount is suitably a daily dosage from about 5 jag/kg/day to 

15 about 500 jig/kg/day, preferably from about 10 jig/kg/day to 300 jig/kg/day, more preferred 
from about 15 jag/kg/day to 200 jig/kg/day, most preferred from about 20 ^g/kg/day to 100 
^g/kg/day. 



The FVIIa or another TF agonist or FVIlai or another TF antagonist should be administered in 
20 one single dose, but it can also be given in multiple doses preferably with intervals of 4-6-12 
hours depending on the dose given and the condition of the patient. 



The FVIIa or another TF agonist or FVIlai or another TF antagonist may be administered in- 
travenously or it may be administered by continuous or pulsatile infusion. FVIIa or another TF 
25 agonist or FVIlai or another TF antagonist is preferably administered by intraveneous injecti- 
ons and in an amount of about 100-100,000 units per kg body weight, and preferably in an 
amount of about 250 - 25,000 units per kg body weight corresponding to about 5-500 ng/kg, a 
dose that may have to be repeated 2-4 times per 24 hours. 



30 Pharmaceutical compositions 

Conventional techniques for preparing pharmaceutical compositions which can be used 
according to the present invention are, for example, described in Remington's Pharmaceutical 
Sciences . 1985. 
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The compositions used according to this invention are prepared by methods known ger se by 
the skilled art worker. 

In short, pharmaceutical preparations suitable for use according to the present invention is 
5 made by mixing FVII, FVIIa or another TF agonist or FVIlai or another TF antagonist, 

preferably in purified form, with suitable adjuvants and a suitable carrier or diluent. Suitable 
physiological acceptable carriers or diluents include sterile water and saline. Suitable 
adjuvants, in this regard, include calcium, proteins (e.g. albumins), or other inert peptides (e.g. 
glycylglycine) or amino acids (e.g. glycine, or histidine) to stabilise the purified factor Vila. 
10 Other physiological acceptable adjuvants are non-reducing sugars, polyalcohols (e.g. sorbitol, 
mannitol or glycerol), polysaccharides such as low molecular weight dextrins, detergents (e.g. 
polysorbate) and antioxidants (e.g. bisulfite and ascorbate). The adjuvants are generally 
present in a concentration of from 0.001 to 4% w/v. The pharmaceutical preparation may also 
contain protease inhibitors, e.g. apronitin, and preserving agents. 

15 

The preparations may be sterilised by, for example, filtration through a bacteria-retaining filter, 
by incorporating sterilising agents into the compositions, by irradiating the compositions, or by 
heating the compositions. They can also be manufactured in the form of sterile solid 
compositions which can be dissolved in sterile water, or some other sterile medium suitable for 
20 injection prior to or immediately before use. 

The present invention is further illustrated by the following examples which, however, are not to 
be construed as limiting the scope of protection. The features disclosed in the foregoing de- 
scription and in the following examples may, both separately and in any combination thereof, 
25 be material for realising the invention in diverse forms thereof. 



Examples 



Preparation of compound 
30 Human purified factor Vila suitable for use in the present invention is preferably made by DNA 
recombinant technology, e.g. as described by Hagen et al., Proc.Natl.Acad.Sci. USA 83: 2412- 
2416, 1986 or as described in European Patent No. 200.421 (ZymoGenetics). Factor Vila pro- 
duced by recombinant technology may be authentic factor Vila or a more or less modified fac- 
tor Vila provided that such factor Vila has substantially the same biological activity for blood 
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coagulation as authentic factor Vila. Such modified factor Vila may be produced by modifying 
the nucleic acid sequence encoding factor VII either by altering the amino acid codons or by 
removal of some of the amino acid codons in the nucleic acid encoding the natural FVII by 
known means, e.g. by site-specific mutagenesis. 

5 

Factor VII may also be produced by the methods described by Broze and Majerus, 
J.Biol.Chem. 255 (4): 1242-1247, 1980 and Hedner and Kisiel, J.Clin. Invest. 71: 1836-1841, 
1983. These methods yield factor VII without detectable amounts of other blood coagulation 
factors. An even further purified factor VII preparation may be obtained by including an additio- 
10 nal gel filtration as the final purification step. Factor VII is then converted into activated FVIIa by 
known means, e.g. by several different plasma proteins, such as factor Xlla, IX a or Xa. Alter- 
natively, as described by Bjoern et aL (Research Disclosure, 269 September 1986, pp. 564- 
565), factor VII may be activated by passing it through an ion-exchange chromatography co- 
lumn, such as Mono Q® (Pharmacia fine Chemicals) or the like. 

15 

The following compounds are obtained from the indicated companies or universities: 

5-(2-pyridyl)-1 ,2,4-triazole-3-carbohydrazide (obtained from Maybridge Chemicals LTD 
(SEW 00446)) 

20 




1,2,3-triazole-4,5-dicarbohydrazide (obtained from Odense University; is also disclosed in 
Farmaco , 50,(2) 1995, 99-106) 

25 
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N 



NH 




HN 



NH 



NH 2 



\ 



NH 2 



4, 7-Dihydro-[4,7]phenanthroline-1 ,2,3,8,9, 10-hexaone-2,9-dioxime (obtained from Labotest 
under the number (LT-2 AM36)) 

5 



HO-N O O N-OH 



Example 1 

10 

Preparation of 1-Hydroxy-7-hydroxycarbamoylquinoxaline-2 t 3(1H,4H)-dione : 
a) 4-Ethoxalylamino-3-nitrobenzoic acid 

15 Anhydrous triethylamine (22.6 ml, 0.162 mol) was added to a solution of 4-amino-3-nitrobenzoic acid 
(14.4 g, 0.081 mol) in a mixture of dry tetrahydrofuran (300 ml) and dry N,N-dimethylformamide (100 
ml). Then a solution of ethyl oxalylchloride (18 ml, 0.162 mol) in 100 ml of dry tetrahydrofuran was 
added dropwise at 0° C. The mixture was stirred overnight at room temperature and triethylamine 
hydrochloride was removed by filtration. The filtrate was evaporated to dryness and the residue was 

20 triturated with water. The crude product was isolated by filtration and recrystaliised from ethanol to 
give 14.4 g of the title compound which was used without further purification in the subsequent 
reductive cyclisation reaction. 1 H-NMR (DMSO-d 6 ): 1.35 (t, J = 7 Hz, 3H, CH 3 ), 4.36 (q t J = 7 Hz, 2H, 
CH 2 ), 8.2-8.6 (m, 3H, ArH), 11.6 (s, 1H, NH). 
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b) 7-Carboxy-1-hydroxyquinoxaline-2,3(1H,4H)-dione 

A solution of 4-ethoxalylamino-3-nitrobenzoic acid (14.0 g, 49.6 mmol) in 800 ml of N,N- 
5 dimethylformamide was hydrogenated at room temperature and atmospheric pressure in the 

presence of 1.3 g of 5% platinum on carbon for 2.5 h. The catalyst was filtered off and washed with 
N.N-dimethylformamide. The filtrate was evaporated to dryness and the residue was triturated with 
500 ml of water and filtered. The crude product was dissolved in 900 ml of 1M potassium 
dihydrogen phosphate buffer (pH 7.4) , filtered and reprecipitated with 6 M hydrochloric acid to yield 
10 7.7 g (70 %) of the title compound. 1 H-NMR (DMSO-d 6 ): 7.25 (d, J = 9 Hz, 1 H, ArH), 7.75 (dd, J = 
9Hz, 2Hz, 1H, ArH), 7.98 (d, J = 2Hz, 1H, ArH), 12.3 (br.s, 1H, exchangeable). 

c) 1-Benzyloxy-7-carboxyquinoxaline-2,3(1H,4H)-dione 

15 7-Carboxy-1-hydroxyquinoxaline-2,3(1H,4H)-dione (2.22 g, 10 mmol) was dissolved in a mixture of 
50 ml of 1M potassium dihydrogen phosphate buffer (pH 7.4) and 25 ml of ethanol by gently 
heating. To the cooled mixture was added 1.19 ml (10 mmol) of benzylbromide and the mixture was 
stirred overnight at room temperature. The precipitate was isolated by filtration and washed with 
ethanol. The crude product was triturated with 4M hydrochloric acid and washed with water and 

20 dried in vacuo to give 1.56 g (50%) of the title compound. 1 H-NMR (DMSO-d 6 ): 5.22 (s, 2H, CH 2 ), 
7.2-7.9 (m, 8H t ArH), 12.35 (s, 1H, exchangeable), 13.05 (br.s, 1H t exchangeable). 

d) 1-Benzyloxy-7-(benzyloxycarbamoyl)quinoxaline-2 l 3(1H,4H)-dione 

25 To an ice-cooled solution of 1-Benzyloxy-7-carboxyquinoxaiine-2,3(1H,4H)-dione (422 mg, 1.35 

mmol) in 10 ml of N.N-dimethylformamide was added 1-hydroxybenzotriazole (218 mg, 1.48 mmol) 
followed by 1-(3-dimethylaminopropyi)-3-ethylcarbodiimide hydrochloride (272 mg, 1.42 mmol). 
Stirring was continued for 30 min at 0°C and O-benzylhydroxylamine hydrochloride (237 mg, 1.49 
mmol) and dry triethy (amine (0.21 ml, 1.5 mmol) was added. The mixture was stirred overnight at 

30 room temperature, then cooled and filtered. The isolated solid was successively washed with water, 
saturated aqueous sodium hydrogen carbonate and water. Recrystallisation from ethanol gave 290 
mg (51 %) of the title compound. 1 H-NMR (DMSO-d 6 ): 4.95 (s, 2H, CH 2 ). 5.19 (s, 2H, CH 2 ), 7.2-7.8 
(m, 13H, ArH), 11.8 (br.s, 1H, exchangeable), 12.3 (br.s, 1H, exchangeable). 



BNSDOCID: <WO 9903498AtJ„> 



WO 99/03498 

21 

e) 1-Hydroxy-7-hydroxycarbamoylquinoxaline-2,3(1H,4H)-dione 



PCT/DK98/00280 



A suspension of 1-Benzyloxy-7-(benzyloxycarbamoy!)quinoxaline-2,3(1H,4H)-dione (250 mg, 0.6 
mmol) in 50 ml of ethanol was hydrogenated at atmospheric pressure and room temperature for 1 h 
5 in the presence of 50 mg of 5 % palladium on carbon. Water (20 ml) and 4 ml of 2 N sodium 

hydroxide was added to dissolve the product and the catalyst was removed by filtration. The filtrate 
was acidified with 4 ml of 4M hydrochloric acid, evaporated to about 10 ml and filtered to give a 
white solid. Washing with a small amount of cold water and ethanol yielded 109 mg (70 %) of the 
title compound. 1 H-NMR (DMSO-d 6 ): 7.21 (d, J = 8Hz, 1H, ArH), 7.60 (dd, J = 8Hz, 2Hz, 1H, ArH), 
10 7.90 (d, J = 2Hz, 1H, ArH), 9.05 (br.s, 1H, exchangeable), 11.35 (br.s, 1H, exchangeable), 11.82 
(br.s, 1H, exchangeable), 12.35 (br.s, 1H, exchangeable). 

Example 2 

15 Synthesis of pvrazole-3.5-dicarbohvdroxamic acid (28-30281 on solid phase: 

a) Synthesis of the linkage 1 : a) Sasrin® resin (10.0 g, 0.73 mmol/g) was swelled in dichloro- 
methane (40 mL) and diisopropylethylamine (40 mL), and cooled to 0°C. A solution of 
methanesulfonyl chloride (5.0 mL, 7.40 g, 64.6 mmol) in dichloromethane (20 mL) was ad- 

20 ded dropwise while stirring under argon, and stirring was continued for 30 min at 0°C and for 
45 min at 25°C. Subsequently, the resin was drained and washed with dichloromethane (3 
portions of 80 mL) and N-methylpyrrolidinone (NMP; 3 portions of 80 mL). b) In a 500 mL 
flask equipped with a mechanical stirrer, N-hydroxyphthaiimide (23.8 g, 146 mmol) was dis- 
solved in NMP (280 mL), and cesium carbonate (27.7 g, 73 mmol) was added. The mesyla- 

25 ted resin was added in small portions at 25°C, and stirring was continued for 30 min at 25°C 
and for 16 h at 80°C. The chocolate-brown reaction mixture was poured into a Buchner fun- 
nel and washed extensively with methanol, water, methanol, dichloromethane, until the resin 
was colorless, c) The resin was suspended in ethanol (70 mL), anhydrous hydrazine (8 mL) 
was added, and the mixture was shaken at 25°C for 16 h. The resin was washed extensively 

30 with methanol, dichloromethane, methanol and dried; yield 9.50 g (95%). 

b) Attachment of pyrrole-3,5-dicarboxylic acid to the resin prepared above: 0.10 g of the re- 
sin synthesized above was washed with N-methylpyrrolidone (1.5 mL). Subsequently, pyr- 
role-3,5-dicarboxy!ic acid (155 mg, 1.0 mmol), NMP (0.90 mL), 4-N.N-dimethylaminopyridine 
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(20 mg) in NMP (0.10 mL) and diisopropylcarbodiimide (78 pL, 0.5 mmol) were added, and 
the mixture was shaken at r.L for 120 min. Subsequently, the mixture was washed with NMP 
(4 portions of 2 mL). 

5 c) A solution of Py.BOP® (0.5 mmol, 260 mg) in NMP (250 pL) was added to the resin. To 
this, a solution of hydroxylamine hydrochloride (70 mg, 1 mmol) in NMP (0.80 mL) / 
N-methyimorpholine (0.20 mL) was added, and the mixture was shaken at room temperature 
for 30 min. Subsequently, the resin was washed with dimethylformamide (3 portions of 2 mL) 
and dichloroethane (5 portions of 2 mL). 

10 

d) Cleavage: The resin was washed with dichloroethane (2 mL), and a mixture of 25% triflu- 
oroacetic acid in dichloroethane (1.0 mL) was added. The mixture was shaken at r.t for 15 
min. The resin was filtered, the filtrate was collected, and the resin was washed with aceto- 
nitrile (2 portions of 0.80 mL). The solvents were evaporated in vacuo, and the crude sam- 
15 pies were submitted to assay. 

Lit.: L.S. Richter, M.C. Desai, Tetrahedron Lett 1997, 38, 321. 

EXAMPLE 3 
20 Treatment of atherosclerosis: 

Histochemical studies suggest that TF is a major determinant of the pro-thrombotic activity of 
human atherosclerotic lesions (Fernandez-Ortiz, A. et al. J. Am. Coll. Cardiol . 1562-1569, 
(1994)). Initiation of the coagulation cascade resulting in thrombin generation is important for 
fibrin deposition and the atherogenesis of the plaque. It is likely that also the cellular re- 
25 sponse caused by TF-dependent signalling described in the present invention has important 
implications for atherogenesis and plaque development. 

EXAMPLE 4 

Treatment of angina and myocardial infarction: 

30 TF is expressed on macrophages/foam cells associated with atherosclerotic plaques, and 
rupture of these structures are key events in the pathogenesis of unstable angina and myo- 
cardial infarction. It has been found that TF antigen concentration and activity in plaques 
from patients with unstable angina or myocardial infarction was significantly higher than in 
those from patients with stable angina (Ardissino, D. et al. The Lancet 349: 769-771, (1997)). 
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It is desirable to be able to interfere with and modulate the biological effects of TF expres- 
sion to prevent a vicious spiral involving TF, whether this is caused by triggering of the co- 
agulation system or it is a result of cellular signalling and consecutive reactions. 

5 EXAMPLE 5 

Treatment of cancer/angiogenesis: 

TF is expressed on endothelial cells and tumour cells in breast cancer, but not on the same 
cells in benign fibrocystic breast disease (Contrino, J., Nature Med. 2: 209-215, (1996)). Lo- 
cal exposure of TF on the surface of specific cells in tumours appears to be crucial for vas- 

10 cularisation and growth of tumours (Folkman, J. Nature Med. 2: 167-168, 1996)). Recent 

studies have shown that blocking of a tumours blood supply with the angiogenesis inhibitors, 
angiostatin (O'Reilly, M. S. et al. Cell 79, 315-328(1994); Folkman, J. Nature Med. 1, 27- 
31(1995), W09641194-A1) and endostatin (O'Reilly, M. S. et al. Cell 88; 277-285(1997)), or 
with antibody-directed targeting of TF (Huang, X. et al., Science 275: 547-550, (1997)) can 

15 arrest tumour or even cause tumour regression. Cellular signalling and orchestration of cel- 
lular transmitter substances is an important aspect of vascularization and tumour biology, 
and TF is likely to be of central importance in these processes. Reagents which modulate 
FVIIa-induced signalling is likely to work by a distinctly different mechanism and can provide 
an alternative to presently known angiogenic inhibitors. 

20 

EXAMPLE 6 

Treatment of restenosis after clearing of blocked atherosclerotic vessels by surgical 
procedures. 

Mechanical injury of the vessel wall results in local exposure of TF important to haemostasis 
25 and subsequent tissue repair. This is of immediate interest in relation to clearing of blocked 
atherosclerotic vessels by surgical procedures such as angioplasty, endarterectomy, 
reduction arterectomy or bypass grafting. These procedures result in serious vessel injury, 
TF exposure, thrombus formation and subsequent healing reactions. Proliferation of smooth 
muscle cells (SMCs) in the vessel wall is an important aspect of these events. The injury of 
30 the vessel is followed by medial SMC proliferation and migration into the intima, which 

characteristically occurs within the first few weeks and up to six month after injury and stops 
when the overlaying endothelial layer is established. In about 30% or more of patients 
treated by angioplasty, endarterectomy or bypass grafts, thrombosis and/or SMC 
proliferation in the intima causes re-occlusion of the vessel and consequent failure of the 
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reconstructive surgery. This closure of the vessel subsequent to surgery is known as 
restenosis. Modified factor Vila (FVIlai) has been shown to effectively suppress the 
* restenosis process (cf. WO 92/15686, title: modified FVII). This effect might be due to an 
inhibition of clot formation and thrombin generation initially after treatment of the constricted 
5 vessel. However, the present invention shows that in addition to being an antithrombotic 

drug, FVIlai is also an inhibitor of TF-dependent cellular signalling. Suppression of restenosis 
by FVIlai might therefore occur as a result of an effect on SMC proliferation or other cellular 
activities, and drugs which works as effectors of FVIIa-induced signalling could therefore 
represent a new and better strategy for the treatment of restenosis. 

10 

EXAMPLE 7 

Reporter gene response: Activation of SRE reporter gene expression induced by FVIIa 
upon binding to the human TF. 

15 

BHK cells with and without stably transfected TF were stably transfected with KZ136 
(reporter construct encoding 2x(STAT1,3), 2x(STAT4,5 l 6) and a serum response element 
(SRE) upstream to a luciferase reporter gene) were stimulated with FVIIa. Only cells ex- 
pressing TF responded to FVIIa in a dose dependent manner. Fig. 2A shows that 20 nM 
20 FVIIa induced a response which was approximately two times higher than the background 
level. A maximal inducible FVIIa-response, three times higher than the background level, 
was reached at 100 nM FVIIa. 

Fig. 2B shows that BHK cells not expressing TF did not respond to FVIIa addition. The re- 
sponsiveness of the reporter system was controlled by addition of 15% FCS which showed a 
25 3 times increase in luciferase activity over non-stimulated cells. 

EXAMPLE 8 

Monitoring the signalling pathway induced upon FVIIa - TF binding: The reporter 
30 gene approach. 

A set of reporter vectors were stably transfected by selection into BHK cells already stably 
transfected with a construct driving expression of the TF. The constructs were KZ131, en- 
coding one serum response element upstream to a luciferase reporter gene, KZ134, encod- 
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ing a cassette of two STAT1 ,3 elements and two STAT4.5.6 elements upstream to a lu- 
ciferase reporter gene, KZ136, encoding a cassette of two STAT1,3 elements, two 
STAT4,5,6 elements and one serum response element upstream to a luciferase reporter 
gene, and KZ142, encoding the c-jun promoter upstream to a luciferase reporter gene. 
5 Cells transfected with KZ131, KZ134 and KZ136 responded upon addition of FVIIa to the 
cells but cells transfected with KZ142 did not. Since the P44/42 MAPK pathway stimulates 
serum response elements and STAT elements these results indicate that TF upon binding of 
FVIIa activates the p44/42 MAPK pathway. The classical p44/42 MAPK do not activate the 
c-jun promoter. 

10 

EXAMPLE 9 

Monitoring the signalling pathway induced upon FVIIa - TF binding: The MEK1/2 in- 
hibitor approach. 

15 

PD98059 is a specific inhibitor of MEK1, a kinase specifically involved in the p44/p42 MAPK 
cascade. BHK cells stably transfected with TF and the KZ136 reporter construct pre-treated 
with 50 pM PD98059 for one hour prior to stimulation with 100 nM FVIIa did not respond. 
Cells not pre-treated with PD98059 did respond well (Fig. 3) showing that TF is signalling 
20 through the p44/42 MAPK pathway. 

EXAMPLE 10 

Monitoring the signalling pathway induced upon FVIIa - TF binding: The two hybrid 
25 approach. 

In this approach the specific activation of the Elk1 transcribtional factor is monitored. BHK 
cells stably transfected with TF were co-transfected with the following vectors pFR-luc (20ug) 
(the reporter construct), pFA-Elk1 (0.5 pg) (the Gal4-Elk1 chimera expression vector), 
30 pFCdbd (14,4 pg) (carrier DNA) and pEGFP-N1 (3 pg) (reporter plasmid to monitor transfec- 
tion efficiencies) (Clontech). pFRluc, pFA-Elk1 and pFCdbd are components of PathDetect 
system, Stratagene). A transfection efficiency of approximately 50% was estimated based on 
the number of cells expressing GFP (green fluorescent protein) (Fig. 4A). This mixture of 
transfected and non-transfected cells were stimulated with 100 nM FVIIa and assayed for 
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luciferase expression. Cells stimulated with 100 nM FVIIa showed a luciferase expression 
5.1 times higher than the background level with a standard deviation of 3-5% (Fig. 4B) dem- 
onstrating that Elk1 is activated upon binding of FVIIa to cell-surface TF. 

5 EXAMPLE 11 

Monitoring the signalling pathway induced upon FVIIa - tissue factor binding: The an- 
tibody approach. 

10 In this set of experiments with TF transfected BHK, ECV-304 and MDCK cell lines two anti- 
bodies raised against the MAPK were used, one targeting activated as well as non-activated 
forms of MAPK, and another, targeting only the activated (phosphorylated) form of MAPK. 

BHK cells stable transfected with human TF were grown to 90% confluence and starved in 
15 DMEM with 0.1% FCS for 24 hours prior to stimulation with FVIIa. Samples for Western blot- 
ting were sampled at 0, 3, 5, 7, 10, 20 and 40 minutes after addition of 100 nM FVIIa. The 
result is shown in Fig. 5A and B. The total amount of MAPK was essentially constant, 
whereas the antibody against the activated form of MAPK showed a temporally activation of 
MAPK p44/42 with a maximal activation at 3-7 minutes. Over the next 10 minutes the re- 
20 sponse declined to reach the background level at about 20 minutes after addition of FVIIa. 

Immortalised human endothelial cells (ECV-304) were grown to 90 % confluence and 
starved in medium 199 for 24 hours. In some experiments cells were exposed to IL-1B for 
Five hours to further increase expression of cell surface TF prior to addition of FVIIa (fig. 6A 
25 and B). 

Samples for Western blotting were taken at 0, 5 and 40 minutes after addition of 20 nM 
FVIIa to IL-1B stimulated and unstimulated cells. The total amount of MAPK was essentially 
constant thoughout the experiment whereas the activated form of MAPK showed a temporal 
30 activation with a maximal activation at 5 minutes on both stimulated and unstimulated cells. 

An epithelial Madin-Darby Canine Kidney (MDCK) cell line was grown to 100 % confluence 
and starved in DMEM for 48 hours prior to assay. Samples for Western blotting were drawn 
at 0, 5, 20 40 and 80 minutes after addition of 10 nM FVIIa. An additional sample stimulated 
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with 10 nM FVilai was harvested after 40 minutes. Results shown in Fig. 7A and B. The total 
amount of MAPK was essentially constant whereas the activated form of MAPK showed a 
temporal activation with maximal phosphorylation at 20 minutes with a gradual decline at 40 
and 80 minutes. No significant phosphorylation of MAPK was observed with FVilai after 40 
5 minutes exposure. 

These examples show that FVIIa is capable of inducing phosphorylation of MAPK/Erk 1/2 in 
different TF expressing cell lines from various species. Furthermore FVilai is not able to acti- 
vate the same phosphorylation in MDCK cells. 

10 

EXAMPLE 12 

Experiments on competition between FVIIa and FVilai. 

15 BHK cells stably transfected with the human TF and the reporter plasmid KZ136 were grown 
to 90% confluence, starved in DMEM with 0.1% FCS for 16 hours and then stimulated with 
FVIIa or FVilai (Fig. 8). 100 nM FVilai did not induce a serum response in contrast to 20 nM 
and 100 nM FVIIa which significantly increased the response. Also shown in Fig. 8 is an ex- 
periment where competition between FVIIa and FVilai was studied. FVilai was added to the 

20 cells 1 hour prior to stimulation with 20 nM FVIIa. The response induced by 20 nM FVIIa was 
inhibited 27%, 59%, 77%, and 91% by the addition of 20 nM, 50 nM, 100 nM, and 500 nM 
FVilai, respectively. This showed that FVilai could not induce signalling, and also that FVilai 
could prevent FVI la-induced signalling presumably by competing with FVII for a mutual 
binding site on TF. 

25 

EXAMPLE 13 

Characterisation of the signalling pathway induced upon binding of FVIIa to tissue 
factor. 

30 

In this set of experiments with TF transfected BHK cell lines we used a phospho-specific 
antibody against phosphorylated (Thr202/Tyr204) p44/42 MAPK and an antibody targeting 
total p44/42 MAPK (New Englands Biolabs, Beverly, MA). 



BNSDOCID: <WO 99034&8A1 J_> 



WO 99/03498 * . \ PCT/BK98/00280 

28 

BHK cells stable transfected with human TF were grown to 90% confluence and starved in 
DMEM with 0.1% FCS for 24 hours prior to stimulation. In Fig 9A the cells were stimulated 
with 100 nM FVIIa for 0, 3, 5, 7, 10 and 40 minutes before the cells were lysed and samples 
for Western blotting were taken. The results in Fig. 9A (lower panel) show that the total 
5 amount of MAPK was essentially constant, whereas the results with the antibody against the 
activated form of MAPK (upper panel) showed a transient activation of MAPK p44/42 with a 
maximal activation at 3-7 minutes that declined over the next 40 minutes. 
A similar experiment was performed with non-transfected BHK(-TF) cells. In these control 
cells the MAPK was not activated by FVIIa but a phosphorylated MAPK response was obtai- 

10 ned with serum (results not shown). 

The results shown in Fig 9B were obtained when BHK(+TF) cells were exposed to 100 nM 
FVII, FVIIa, FVIlai, [Ala344]FVII or FXa for 5 min. No effect on the total amount of p44/42 
MAPK level was observed (lower panel) whereas a profound activation was seen with FVIIa, 
less so with FVII, and no significant activation was induced by FVIlai, [Ala344]FVII or FXa 

15 (upper panel). This strongly suggests that FVIIa activity was needed. Since FXa did not pro- 
duce a significant increase in p44/42 phosphorylation, a putative FVHa-mediated generation 
of FXa could not account for p44/42 MAPK activation with FVIIa. A brief EDTA wash suppo- 
sed to remove possible trace amounts of vitamin K-dependent coagulation factors from the 
cell surface prior to FVIIa exposure was included in some experiments. This was without any 

20 reduction in MAPK phosphorylation, again supporting the notion that downstream coagulati- 
on reactions were not involved. 

In conclusion this example shows that FVIIa/TF induces a transient phosphorylation of the 
p44/42 MAPK and that the catalytic centre activity of FVIIa is required for this FVIIa-induced 
phosphorylation. Furthermore we conclude that an indirect signalling pathway involving FVI- 
25 la-mediated activation of FX is unlikely. 

EXAMPLE 14 

The C-terminal tail of tissue factor in not required for FVIIa-induced signalling via th 
30 MAPK pathway. 

The cDNA coding for a truncated version of TF comprising the residues 1-247 was cloned into the 
mammalian Zem219b expression vector and transfected into BHK cells. This truncated TF wit- 
hout the C-terminal cytoplasmatic tail was expressed as a fully functional cofactor for FVIIa- 
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mediated FX activation. We used the phosphospecific antibody against phosphorylated 
(Thr202/Tyr204) p44/42 MAPK and an antibody targeting total p44/42 MAPK (New Engiands 
Biolabs, Beverly, MA) to monitor the phosphorylation of MAPK. 

5 BHK cells stable transfected with human TF(1-247) were grown to 90% confluence and star- 
ved in DMEM with 0.1% FCS for 24 hours prior to stimulation. The cells were then stimulated 
with 100 nM FVIIa for 10 minutes before the cells were lysed and samples for Western blot- 
ting were taken. The results is shown in Fig. 10. The total amount of MAPK was essentially 
constant (upper panel), whereas the activated form of MAPK of MAPK p44/42 (lower panel) 
10 was phosphorylated as a result of exposure of the cells to FVIIa but not to FFR-FVIIa. 

In conclusion this example demonstrates that FVIIa/TF-induced signal transduction via the 
MAPK pathway takes place independent of the presence of the cytoplasmatic tail of TF. 

15 
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CLAIMS 



1. The use of FVII or another TF agonist for the manufacture of a pharmaceutical composition 
for inducing or enhancing activation of the MAPK signalling pathway in a patient. 

5 

2. The use of FVIIa or another TF agonist for the manufacture of a pharmaceutical composition 
for inducing or enhancing activation of the MAPK signalling pathway in a patient. 

3. The use according to claim 1 or 2 wherein said activation leads to activation of transcrip- 
10 tion factor Elk1 via phosphorylation of MAPkinase/Erk1/2. 

4. The use of FVII, FVIIa or another TF agonist for the manufacture of a pharmaceutical com- 
position for enhancing FVIIa-induced activation of the MAPK signalling pathway in a patient. 

15 5. The use of FVII, FVIIa or another TF agonist for the manufacture of a pharmaceutical com- 
position for inducing or enhancing activation of transcription factor Elk1 in a patient. 

6. The use of FVIlai or another TF antagonist for the manufacture of a pharmaceutical compo- 
sition for inhibiting or preventing activation of the MAPK signalling pathway in a patient. 

20 

7. The use of FVIlai or another TF antagonist for the manufacture of a pharmaceutical compo- 
sition for inhibiting or preventing activation of transcription factor Elk1 in a patient. 

8. The use of FVIlai or another TF antagonist for the manufacture of a pharmaceutical compo- 
25 sition for inhibition or prevention of FVIIa-induced activation of the MAPK signalling pathway in 



9. The use according to claim 6, 7 or 8 wherein said antagonist comprises a zinc-chelator. 

30 10. The use according to claim 9 wherein said zinc-chelator is selected from a compound of 
the general formula la 



a patient. 





2 



(Y 1 ) p ^(Y 2 ) s 



(la) 
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wherein 

M 1 is heteroaryl, a group of the formula 

z 3 o 



1 ■ jl 

Z 1 -N-C f 



or a group of the formula 



N 

Z 5 



OH O 

II 



M 2 is heteroaryl, or a group of the formula 

o z 2 

— C 2 N_Z ^ „h * . 

* , or a group of the formula 

N-OH O 



*- v 2 

Z 1 , Z 2 , Z 3 and Z 4 independently of each other are hydrogen, C^alkyl, hydroxy, amino or a 
valence bond attached to A, 

10 Z 5 and Z 6 represent a >C=0, which is attached to A, 

Y 1 and Y 2 independently of each other are a group of the formula -X 1 ~X 2 ~X 3 - wherein ~ in- 
dependently of each other means a single or double bond, and X 1 represents >C=0, >CHR 5 , 
>CH 2 , >CH- or a valence bond, wherein R 5 is hydrogen, C^alkyl, amino, C^alkyl-amino, or 
di(C 1 . 4 alkyl)amino, X 2 represents -NH-, >N-, >CH 2 or >CH-, and X 3 represents -S-, >CH 2 , 

15 >CH- or a valence bond, 
A is aryl or heteroaryl, 

p, a and s independently of each other are 0 or 1; 
or a pharmaceutical^ acceptable salt thereof; 
with the provisos that a+p+s is at least 1 . 

20 

1 1 . The use according to claim 9 or 10 wherein said zinc-chelator is selected from 
1 -hydroxy-7-hydroxycarbamoylquinoxaline-2,3(1 H,4H)-dione, 
5-(2-pyridyl)-1,2,4-triazole-3-carbohydrazide, 
1,2, 3-triazole-4 , 5-d icarbohyd razide , 
25 Pyrazole-3,5-dicarbohydroxamic acid, 

4 ( 7-Dihydro-[4,7]phenanthroline-1,2,3,8 I 9,10-hexaone-2 ) 9-dioxime t or 
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12. The use according to any one of the preceeding claims wherein said patient is a mam- 
mal, such as a human. 

5 

13. The use of FVIIa or another TF agonist for the manufacture of a pharmaceutical compositi- 
on for the treatment of re-endothelization, co-lateral revascularization in ischemia/reperfusion in 
myocardial infarction diabetic microangiopathy. 

10 14. The use of FVIlai or another TF antagonist for the manufacture of a pharmaceutical compo- 
sition for the treatment of restenosis or cancer. 

15. A method of detecting a drug candidate that modulate the FVIIa mediated intracellular 
signalling pathway, the method comprising 

a) culturing a TF expressing cell that contain a DNA sequence coding for a reporter gene, 
the expression of which is regulated by a SRE promoter element, 

b) measuring the expression of the reporter gene, 

c) incubating the cell with the drug candidate, and 

d) measuring the expression of the reporter gene produced by the incubated cell and deter- 
mining any change in the level of expression compared to the expression measured in 
step b, such change being indicative of the biologically active drug candidate in said cell. 

16. A method of detecting a drug candidate that modulate the FVIIa mediated intracellular 
signalling pathway, the method comprising 

25 a) culturing a TF expressing cell, 

b) measuring the level of protein phosphorylation of specific proteins in the FVIIa mediated 
intracellular signalling pathway, 

c) incubating the cell with the drug candidate, and 

d) measuring the level of protein phosphorylation of the specific protein produced by the in- 
30 cubated cell and determining any change in the level of protein phosphorylation compared 

to the level measured in step b, such change being indicative of the biologically active 
drug candidate in said cell. 
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17. A method of detecting a drug candidate that modulate the FVIIa mediated intracellular 
signalling pathway, the method comprising 

a) culturing a TF expressing cell, 

b) measuring the spatial localisation of a specific component of the FVIIa mediated intracel- 
5 lular signalling pathway that upon activation of the FVIIa mediated intracellular signalling 

pathway change intracellular localisation, 

c) incubating the cell with the drug candidate, and 

d) monitoring the localisation of the same component and detect any change in localisation 
compared to the location measured in step b, such change being indicative of the biologi- 

10 caliy active drug candidate in said cell. 

18. A method for assaying the ability of a drug candidate to modulate FVI la-induced activati- 
on of the MAPK signalling pathway, comprising 

a) culturing a TF expressing cell that contain a DNA sequence coding for a reporter gene, 
the expression of which is regulated by a SRE promoter element, 

b) measuring the expression of the reporter gene, 

c) incubating the cell with the drug candidate, and 

d) measuring the expression of the reporter gene produced by the incubated cell and deter- 
mining any change in the level of expression compared to the expression measured in 
step b, such change being indicative of the biologically active drug candidate in said cell. 

19. A method for assaying the ability of a drug candidate to modulate FVIIa-induced activati- 
on of the MAPK signalling pathway, comprising 
a) culturing a TF expressing cell, 

25 b) measuring the level of protein phosphorylation of specific proteins in the FVIIa mediated 
intracellular signalling pathway, 

c) incubating the cell with the drug candidate, and 

d) measuring the level of protein phosphorylation of the specific protein produced by the in- 
cubated cell and determining any change in the level of protein phosphorylation compared 

30 to the level measured in step b, such change being indicative of the biologically active 
drug candidate in said cell. 

20. A method for assaying the ability of a drug candidate to modulate FVIIa-induced activati- 
on of the MAPK signalling pathway, comprising 
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a) culturing a TF expressing cell, 

b) measuring the spatial localisation of a specific component of the FVlIa mediated intracel- 
lular signalling pathway that upon activation of the FVI la mediated intracellular signalling 
pathway change intracellular localisation, 

5 c) incubating the cell with the drug candidate, and 

d) monitoring the localisation of the same component and detect any change in localisation 
compared to the location measured in step b, such change being indicative of the biologi- 
cally active drug candidate in said cell. 

10 21 . A method for inducing or enhancing activation of the MAPK signalling pathway in a pa- 
tient, which comprises administering an effective amount of FVII or FVIIa or another TF agonist 
to said patient. 

22. The method according to claim 21 wherein said activation leads to activation of tran- 
15 scription factor Elk1 via phosphorylation of MAPK/Erk1/2. 

23. A method for enhancing FVIIa-induced activation of the MAPK signalling pathway in a pa- 
tient, which comprises administering an effective amount of FVII, FVIIa or another TF agonist 
to said patient. 

20 

24. A method for inducing or enhancing activation of transcription factor Elk1 in a patient, 
which comprises administering an effective amount of FVII, FVIIa or another TF agonist to said 
patient. 

25 25. A method for inhibiting or preventing activation of the MAPK signalling pathway in a patient, 
which comprises administering an effective amount of FVIlai or another TF antagonist to said 
patient. 

26. A method for inhibiting or preventing activation of transcription factor Elk1 in a patient, 
30 which comprises administering an effective amount of FVIlai or another TF antagonist to said 
patient. 
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27. A method for inhibiting or preventing FVIIa-induced activation of the MAPK signalling pa- 
thway in a patient, which comprises administering an effective amount of FVIlai or another TF 
antagonist to said patient. 

5 28. The method according to claim 25, 26 or 27 wherein said antagonist comprises a zinc- 
chelator. 



15 



29. The method according to claim 28 wherein said zinc-chelator is selected from a com- 
pound of the general formula la 



< ./(A) a 

(la) 



(Y 1 ) n "(Y\ 
10 p s 



wherein 

M 1 is heteroaryl, a group of the formula 

z 3 o 



1 ■ " 

Z-N-C; 



or a group of the formula 



N-OH O 
II 

— Cf 



M 2 is heteroaryl, or a group of the formula 

o z 2 

— C 2 N-Z 4 fH _ , 

£ , or a group of the formula 

N-OH O 



C— 

Z\ Z 2 , Z 3 and Z 4 independently of each other are hydrogen, C 1 . 4 alkyl, hydroxy, amino or a 
20 valence bond attached to A, 

Z 5 and Z 6 represent a >C=0, which is attached to A, 

Y 1 and Y 2 independently of each other are a group of the formula -X 1 -X 2 ~-X 3 -, wherein ~ in- 
dependently of each other means a single or double bond, and X 1 represents >C=0, >CHR 5 , 
>CH 2 , >CH- or a valence bond, wherein R 5 is hydrogen, C^alkyl, amino, C v4 alkyl-amino, or 
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di(C^alkyl)amino, X 2 represents -NH-, >N-, >CH 2 or >CH-, and X 3 represents -S-, >CH 2t 
>CH- or a valence bond, 
A is aryl or heteroaryl, 

p, a and s independently of each other are 0 or 1 ; 
5 or a pharmaceutical^ acceptable salt thereof; 
with the provisos that a+p+s is at least 1 . 

30. The method according to claim 28 or 29 wherein said zinc-chelator is selected from 
1-hydroxy-7-hydroxycarbamoylquinoxaIine-2,3(1H I 4H)-dione, 

1 0 5-(2-pyridyl)-1 ^^-triazole-S-carbohydrazide, 
1,2,3-triazole-4,5-dicarbohydrazide, 
Pyrazole-3,5-dicarbohydroxamic acid, 

4,7-Dihydro-[4 I 7]phenanthroline-1,2,3,8,9 ) 10-hexaone-2,9-dioxime ? or 
L-Cystine dihydroxamate. 

15 

31. The method according to any one of the preceeding claims wherein said patient is a 
mammal, such as a human. 

32. The method according to any one of claims 21-31, wherein said effective amount is a 
20 daily dosage from about 5 ^ig/kg/day to about 500 jig/kg/day. 
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